INTRODUCTION

31
Providing high pressure at relatively low flow rates, side channel pumps are often used when (4) Beside the main advantages of an outstanding suction performance and the capability of 38 pumping fluids with high gas loads, the drawback of side channel and peripheral pumps is a quite 39 poor hydraulic efficiency of < 50 % as shown in Figure 1 . It is remarkable that both for large specific 40 speeds and small specific speeds a very good efficiency can be reached with centrifugal and 41 displacement pumps. Whereas in between no machine type exists reaching a very good efficiency.
42
In the past, when efficiency was often negligible, this fact was simply accepted. Nowadays, 
50
Due to the fact that side channel pumps neither belong to displacement pumps nor to 51 centrifugal pumps, the technological progress in both fields is not applicable. Actually, the design of 52 most side channel pumps available on the market today is quite old (> 30 years) as are the few 53 available design guidelines. Also modern design techniques like numerical simulations have 54 therefore not been applied often. Even in cases when simulation results were experimentally 55 validated [5, 6] , the deviations in head and efficiency are often not satisfying. 1.E-02
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The principal design of a side channel pump therefore consists of:
85
• Impeller (commonly open design)
86
• Side channel
87
• Interrupter (separating low and high pressure side)
88
• Suction and pressure port (axial/axial, axial/radial, radial/axial, radial/radial) 
111
The main dimensions of a side channel pump are shown in Figure 13 . A good overview of 112 geometrical influence on side channel pumps is given in [14] .
113
METHODOLOGY OF NUMERICAL SIMULATIONS
114
In this chapter the used methodology to simulate a side channel pump is described. Starting with 
118
In a first step, the real pump had to be transferred in a 3D-CAD model. For that, drawings and 119 dimensions of the pump were used in addition to a 3D-Laserscan of the impeller. Based on the 120 3D-CAD model, the geometry was prepared for meshing. As an example, the impeller is mentioned as 121 it consists of 24 identical blades (1 blade equals to a section of 15°), where only one was used for 122 meshing. To generate a suitable, structured mesh, it was necessary to split the geometry (we call it 123 blocking) as shown in Figure 3 on top right. Those blocks were meshed separately in ANSYS where 1 out of 6 blades was used to generate a structured mesh in ANSYS TURBOGrid©. 
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194
Given that kind of information, it is possible to get deeper insights in the functionality and
195
behaviour of the pump and its components. The whole post-processing was carried out with ANSYS
196
CFX Post 17.1 and some quantities are described in detail below.
198
Head-curve: calculated according to EN ISO 9906 as described in Eq. 7. 
204
Efficiency: is defined as the ratio of the hydraulic power (pump head and discharge) by shaft 205 power as described in Eq. 8:
The required shaft power is calculated on all wetted, rotating surfaces of the pump including hub 
234
Given the data on all mentioned circles, it is possible to evaluate the pressure rise from inlet - 
RESULTS
239
The results of the pump head and efficiency are shown in Figure 7 for stationary and transient 
255
In Figure 9 , the total energy, calculated as an average value of all three planes at the four 
268
Another outcome is the expected pressure decrease in the wake behind a passing blade. This 
273
In Figure 11 , the total pressure from pump inlet to outlet is shown for six operating points, with 274 the pressure at inlet is defined at zero for all points. 
282
Following the flow through the pump, the suction piece is the next part to be investigated. As
283
shown in Figure 12 , it can be shown that especially in part load a relatively large backflow exists
284
(marked in blue color). Even around BEP a significant backflow occurs as shown in Figure 12 (b).
285
Although this phenomenon cannot be eliminated entirely it should be minimized during the 286 optimization process.
287
At the inlet region of the impeller between 0° and 60° the total pressure for all investigated 
345
The dimensions of the side channel have a major influence on head and efficiency as shown in 346 Figure 18 . Although the side channel area was only changed by ±10% a smaller one yields a higher 347 maximum efficiency at a lower flowrate respectively a larger one a lower maximum efficiency at 348 overload conditions. A smaller side channel also shows a steep efficiency decrease at overload 349 conditions. Despite a similar head characteristic, the head around BEP heavily varies.
350
As described in chapter 2 up to now there are still 2 theories trying to describe the functionality 
411
In addition of optimising the presented pump, the paper also shows the strong influence of less 
